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CHAPTER I 
INTRODUCTION 
Previous experimental work in this laboratory1 ' 2 
has suggested that bilateral destruction of the large 
fibers of the trapezoid body or of the nucleus of the 
trapezoid body results in a loss of responding with 
respect to an aversive auditory stimulus without a 
loss with respect to a discriminative auditory stim-
ulus. The purpose of the present experiment is to veri-
fy the finding that destruction of the large fiber 
pathway results in a loss of aversive auditory be-
havior, to determine whether destruction of other ventral 
auditory pathways without destruction of the larger fiber 
pathway will result in a loss of this behavior and to 
determine whether destruction of some or all of the 
ventral auditory pathways leads to a loss of auditory 
1. Harrison, J.M., Some behavioral functions of the lower 
auditory pathways in the rat. J. Comp. Neur., in press 
2. Harrison, J.M., Abelson, R.M., and Fisher, G.L., 
Some relations between the auditory system of the 
medulla and auditory-stimulus function. J. exp. anal. 
Behav., 1960, 3, 207-220. 
1 
discriminative behavior or whether dorsal pathways in 
the absence of ventral pathways can support an audi-
tory discrimination. In order to achieve this purpose, 
a number of animals were trained on a sound aversive 
schedulel, a light aversive (control) schedule and a 
sound and light (control) discrimination schedule. 
After they were trained on all three schedules lesions 
were made in the ventral auditory system and the animals 
were tested for loss of the behaviors. The brains 
were then removed and the lesions examined. 
In order to analyze lesions of the auditory 
system several normal brains were prepared in this 
laboratory using the same histological techniques as 
were used with the experimental animals as well as other 
techniques designed to illustrate various features of the 
auditory system2 • In this material the acoustic nerve 
entered the medulla at the ventral margin of the ventral 
cochlear nucleus. The fibers bifurcated on entry into 
an ascending and a descending branch. The ascending 
1. Hefferline, R. F., An experimental study of avoidance. 
Genet. Ps:chol. MOnogr., 1950, 42, 213-334. 
2. Harrison, J.M. and Warr, W.B., An illustrated atlas 
of the bulbar auditory system of the rat. 1960, 
Boston University, unpublished manuscript. 
2 
fibers entered the anterior division of the ventral 
cochlear nucleus, a region of relatively small, 
closely packed cells, where they appeared to termi-
nate in small end feet and pericellular plexuses. 
The decending branch entered the posterior division 
of the ventral cochlear nucleus, a region of large 
scattered cells, where they terminated in bulbs of 
Held. The cells or the anterior division of the ven-
tral coc,hlear nucleus gave rise to small and medium 
diameter fibers which formed the dorsal or small 
fiber component of the trapezoid body. The posterior 
division gave rise to large fibers which formed the 
ventral or large fiber component of the trapezoid body. 
1 This despription contradicts those of Cajal and Lorente 
de Ko2 who assign the small cells and small fibers to the 
posterior division and the large cells and large fibers to 
the anterior division. It agrees, however, with the work 
1. Cajal, R., Histologie du systeme nerveux de l'homme 
et de vertebres. 1952, Vol. I, Madrid, Instituto 
Ramon & Cajal. 
2. Lorente de No, R., Anatomy of the VIIIth nerve. 
III, General plan of structure of the primary 
cochlear nucleus. Larynso, 1933, 43, 327-350. 
3 
of Poljack1and of Barnes, Magoun and Ranson2. The small 
fiber component gave rise to fascicles which penetrated 
and surrounded the superior olive. Those fibers which 
penetrated the olive did not appear to make connections 
there, but all the small fibers appeared to go to the 
homolateral and contralateral accessory superior olive. 
Terminations of the small fibers in the accessory superior 
olive could not be seen in our material. However, 
Stotler3 presents evidence which indicates that this 
is the case. The large fibers of the trapezoid body 
ran along the base of the brain, through the pyramid, 
turning upward at the decussation and then slightly 
downward to terminate in the nucleus of the trapezoid 
body in chalices of Held in accord with Cajal4 and Stotler5. 
1. Poljack, s., The connections of the acoustic nerve. 
J. Anat., 1926, 60, 465-469. 
2. Barnes, W.T., Magoun, H.W. and Ranson, s.w. 
Ascending auditory pathways in the brainstem of the 
monkey. J. Comp. Neur., 1943, 79, 129-152. 
3. Stotler, W.A., An experimental study of the cells 
and connections of the superior olivary complex 
of the cat. J. Comp. Neur., 1953, 98, 401-432. 
4. Cajal, R., 1952, Op. cit. 
5. Stotler, w. A., 1953, Op. cit. 
4 
As the large fibers passed under the superior olive on 
their side of origin they gave off collateral fibers 
which ascended to the superior olive and appeared to 
terminate there in pericellular plexuses. 
In view of the foregoing description of the 
ventral auditory system it can be analyzed into three 
pathways, which will be called here the large fiber 
pathway, the small fiber pathway and the superior 
olivary pathway. All three pathways have the acoustic 
nerve in common. The small fiber pathway includes the 
anterior division of the ventral cochlear nucleus and 
the small fibers of the trapezoid body. The other two 
pathways include the posterior division of the ventral 
cochlear nucleus and the large fibers of the trapezoid 
body. Although it has been suggested1 ' 2 ' 3 that the 
small fibers of the trapezoid body connect to the 
accessory olive, these connections could not be verified 
in our material and so the accessory olive was not 
included in the small fiber pathway. The large fiber 
1. 
2. 
3. 
Papez, J.W., Superior olivary nucleus; its fiber 
connections. Arch. Neurol. Psychiat., 1930, 24, 1-20 
Rasmussen, G.L., The olivary peduncle and other fiber 
proJections of the superior olivery complex. 
J. Comp. Neur., 1946, 84, 141-219. 
Stotler, W.A., 1953, Op. cit. 
5 
pathway extends through the pyramids and across the 
midline to terminate in the nucleus of the trapezoid 
body. Efferent fibers of the nucleus of the trapezoid 
body could not be traced in our material. As the large 
fibers pass under the superior olive they give off 
collaterals which form the superior olivary pathway. 
Efferent fibers of the superior olive could not be 
identified. 
This pathway analysis makes it possible to 
organize the ratings of damage to individual auditory 
structures into a consistent picture. Since most lesions 
were not bilaterally symetrical it was rare that any 
individual structure was bilaterally completely 
destroyed. When structures are organized into path-
ways, however, one may assume that destruction of one 
structure in a pathway is equivalent to destruction 
of any other. On this basis there was relatively 
complete bilateral destruction of various pathways 
in some animals. This destruction can be related to 
loss of the auditory behaviors. 
6 
CHAPTER II 
EXPERIMENTAL METHOD 
Subjects 
Twelve male albino Sprague Dawley rats were 
used as subjects in this experiment. They were from 
one to two years old and weighed from 280 to 430 grams. 
They had all been used in learning experiments prior to 
their use here. 
Surgical 
A. Lesions. All lesions were made using a 
Reyniers stereotaxic instrument. The animals were set 
up in the instrument with the sagittal suture parallel 
to the longitudinal axis and the top of the skull par-
allel to the horizontal plane. The location of the lesion 
was determined by taking lateral coordinates from the 
sagittal suture, anterior-posterior coordinates from 
the plane of the ear bars and depth from the base of the 
skull. Lesions were made electrolytically at four loca-
tions on each side. The locations were 2.5 mm lateral, 
-1.75 mm posterior to the ear plane and 0.25 and 0.5 mm 
7 
up from the base of the skull. The current used was 1 
ma for 15 seconds at each location. The electrode was 
a stainless steel surgical sewing needle with two coats 
of Teflon .clear finish baked on. 
Following surgery the animals were kept in a 
temperature controlled recovery box at 84.F until their 
postoperative weight decline ceased. 
B. Histological Proc·edures. Following post-
operative behavioral testing, each animal was anesthetized 
with Nembusen and the brain exposed by cutting away the 
skull. It was then killed by surrounding the brain with 
fixing fluid which was either 95% methyl alcohol plus 
0.5% ammonium hydroxide or a mixture of 18 parts water, 
5 parts formaldehyde, 5 parts glacial acetic acid and 72 
parts absolute ethyl or methyl alcohol. The brain was 
embedded in Tissuemat and transverse sections were cut at 
16 micra. Every fifth section was mounted and impreg-
nated with protargol. 
C. Anatomical Rating. The following structures 
were rated; the acoustic nerve, the dorsal cochlear 
nucleus, the posterior division of the ventral cochlear 
nucleus, the anterior division of the ventral cochlear 
8 
nucleus, the large fibers of the trapezoid body, the small 
fibers of the trapezoid body, the collateral fibers of the 
trapezoid body, the dorsal acoustic stria, the nucleus of 
the trapezoid body, the superior olive and the accessory 
superior olive. Damage to each structure was rated on a 
four point scale. Structures with 0-10% damage were 
rated o, 10-50% were rated 1, 50-90% were rated 2, and 
90-100% were rated 3. Amount of damage was estimated on 
the basis of five criteria. These were primary lesion, 
shrunken and degenerated cells, gliosis, absence of 
fibers and absence of cells. The large fibers of the 
\ 
trapezoid body were rated just lateral to the decussation 
on their side of origin; small fibers were rated lateral 
to the superior olive. The dorsal acoustic stria was 
rated in the vicinity of Deiter's nucleus. 
Behavior 
A. Aversive Schedules. The aversive sound 
schedule used was the termination onset schedule of 
Hefferline1 • Details of this schedule and the behavior 
1. Hefferline, R. F., An experimental study of avoid-
ance. Genet. Psychol. Monosr., 1950, 42, 213-334. 
9 
generated by it have been published elsewherel. On this 
schedule a sound was continuously on unless terminated 
by a lever press. Following termination the sound re-
mained off until it was reintroduced by a release of the 
lever. The behavior was recorded on a Gerbrands cumu-
lative recorder. In addition, the number or presses 
and the time the lever was depressed were recorded. 
Sessions were 56 minutes long. Each animal had one 
session per day preoperatively until he reached criter-
ion. 
The apparatus for the aversive sound schedule 
consisted of a light, tight and relatively sound proof 
enclosure, which contained a wire mesh cage. A Gerbrands 
rat lever was mounted on one wall of the cage. The sound 
source was a University 4401 tweeter which has an adver-
tised frequency range from 2000 to 15000 cycles per 
second. The sound used was a noise of from 110 to 124 db 
above .0002 dynes per square centimeter which was gener-
ated by a transistor noise generator. The sound was 
measured with a Scott 410-C sound level meter. Since 
the microphone supplied with this meter has an upper 
1. Harrison, J.M. and Abelson, R.M., The maintenance of 
behavior by the termination and onset of intense 
no1se. J. exp. anal. Behav., 1959, 2, 23-42. 
10 
frequency limit of 8000 cycles the measurements must be 
regarded as relative rather than absolute. 
From the number of responses, the time on lever, 
and the session length, one can calculate press and re-
lease rates. The release rate is the number of releases 
divided by the time the lever is down, and the press rate 
is the number of presses divided by the time the lever is 
up, which is determined by substracting the time the lever 
is down from the total session length. Press and release 
rates were calculated for each session. 
The light aversive schedule used was the same 
as the sound schedule except that a 32 watt circular 
fluorescent lampl was substituted for the sound source 
and the sessions were 57 minutes long. 
B. Discrimination Schedule. The apparatus for 
the discrimination schedule consisted of a light tight 
and relatively sound proof enclosure containing a wire 
mesh cage. A Gerbrands rat lever was mounted on one wall, 
A 45 mg. pellet dispenser provided reinforcements and a. 
and a li_ght source 
sound source .... producecr the stimuli. The sound source was 
1. Harrison, J.M. and Warr, B., An -instant-start circuit 
for fluorescent lamps. J. exp. anal. Behav., 1959, 
2, 226. 
11 
a University 4401 tweeter. The light source was two 
25 watt incandescent lamps in series. 
On this schedule a lever press in the presence 
of either the light or the sound produced a food pellet. 
A response in the absence of the stimuli delayed the 
next stimulus presentation by twenty seconds. Light and 
sound stimuli were presented in haphazard order. The 
stimulus was terminated by a response. If no response 
occurred within five seconds of stimulus onset the stim-
ulus was terminated and no reinforcement was given. If 
a response was made in the presence of the sound stimulus, 
the next time the sound was presented it was at an in-
tensity of 2 db lower than the previous presentation. 
If the sound was not responded t~ the next presentation 
was 2 db higher. 
Experimental Design 
All animals were originally trained on the sound 
aversive schedule. They were trained for one session per 
day for a minimum of fourteen days. Training was stopped 
if on five of the last six days the press rate was at 
least three responses per minute and the release rate 
was not more than four responses per minute. If these 
criteria were not met after fourteen days, training 
12 
continued until they were met or until the animal had a 
total of 28 sessions. 
After sound aversive training the animals were 
trained on the light aversive schedule for a minimum of 
ten days or until the behavior seemed reasonably stable. 
Discrimination training followed light aver-
sive training. The animals were run for a minimum of 
five threshold sessions, until three consecutive sessions 
had thresholds which covered a range of 6 db or less. 
Following discrimination training the lesions 
were made. After recovery the animals were run on the 
light aversive schedule until their behavior approxi-
mated or bettered the preoperative behavior. They were 
then run on the sound aversive and discriminative 
schedules. Light aversive sessions continued until there 
were ten days on which both light and sound aversive 
sessions had been run. 
13 
CHAPTER III 
RESULTS 
Table I summarizes behavioral changes and rat-
ing of damage to auditory structures following unliateral 
lesions. 
The aversive behavior is expressed as the ratio 
of postoperative to preoperative rates of pressing and 
releasing on the auditory and visual schedules. The 
rates used were the mean of the last seven days pre-
operatively and the mean of all postoperative sessions, 
except in the case of RA 45 where the last seven days 
were used. RA 45 suffered a temporary loss of both 
light and sound aversive behavior which lasted for 
about fourteen days. 
Since the effect of the schedule is to in-
crease the press rate and decrease the release rate from 
the operant rate, small press ratios and large release 
ratios indicate a change of response rate in the direc-
tion of thei~ preconditioned strength. The animals are 
in order of ascending ratio of the press on the sound 
14 
TABLE I 
Summary of behavioral changes and rating of damage to auditory structures following 
unilateral lesions of' the auditory system 
Sound Light 
Animals p R p R T AN :OON PVC AVC LTB STB CTB DAS NTB so 
GF.1 
RA.45 
GF.19 
RA..35 
RA.56 
GFe.30 
0.22: 15 • .3 2.35 o.e2 + 7 L.3RO L2RO L.3RO L2RO L2RO LlRO L2RO 0 LlRO L2RO 
0.72 1.27 5.95 o.B5 
-
0 IJ.RO 0 0 LlRO 0 Ll.RO L3RO IJ.RO IJ.RO 
1.3.3 0.97 1.01 2.76 +13 L3RO IJ.RO L2RO L2RO L3RO L3RO L3RO 0 LlRO L2RO 
1 • .37 2.26 1 • .34 1.15 +17 L3RO L2RO L.3RO L3RO L3RO L3RO L.3RO L2RO L2RO L2RO 
1.92 1.29 1.37 1.89 
- 2 0 0 0 0 IJ.RO 0 IJ.RO 0 L2RO IJ.RO 
4.02 0.72 3.5.3 1.18 +16 0 0 0 0 IJ.RO ~0 IJ.RO 0 0 LlRO 
AN, acoustic nerve; ASO, accessory superior olive; AVC, anterior division of the ventral 
cochlear nucleus; CTB1 collateral fibers of trapezoid body; DAS, dorsal acoustic stria; 
DON, dorsal. cochlear nucleus; LTB, large fibers of trapezoid body; NTB, nucleus of trap-
ezoid body; PVC, posterior division of the ventral cochlear nucleus; so, superior olive; 
STB, small fibers of trapezoid body. 
Behavioral abbreviations s 11Sound11 and "light" indicate the aversive behavioral schedules. 
P1 the ratio of the postoperative to the preoperative rate of pressing the lever. R, the 
ratio of postoperative to the preoperative rate of' releasing the lever. T1 difference 
between the postoperative and the preoper~tive auditory thresholds. The • indicates an 
increase and a - indicates a decrease in threshold. 
ASO 
LlRO 
L.3RO 
LlRO 
L2RO 
IJ.RO 
0 
f-1 
\Jl 
aversive schedule. From the table it can be seen that 
except for GFl, changes 1n rate following unilateral 
lesions were no greater on the sound aversive schedule 
than on the light aversive schedule. 
Pre and postoperative thresholds were deter-
mined by taking the median of all de.ily thresholds. RA 
45 did not eat solid food postoperatively so his thresh-
old could not be determined. 
For animals RA 45 and RA 56 the anatomical 
rating was done after this operation; for GF 1, GF 19, 
RA 35 and GF 30 the unilateral lesion was made in the 
first stage of a two stage operation. The ratings are 
those attributed to the lesion on the left side. 
Table II summarizes behavioral changes and 
rating of damage to auditory structures following bi-
lateral lesions. In animals RA 17, RA 18, and LF 7 the 
lesions on both sides were produced during a single oper-
ation. RA 17 and GF 1, for whom no threshold differences 
are given, did not eat solid food following bilateral 
lesions. The animals are in order of ascending ratio 
of the press on the sound aversive schedule. Those above 
the dashed line were judged to have been severely affected 
by the operation, whereas those below were not. 
l6 
TABLE II 
Summary of behavioral changes and rating of damage to auditory structures following 
bilateral lesions of the auditory system 
Sound Light 
Animal p R p R T AN DCN PVC AVO LTB STB CTB DAS NTB so ASO 
RA.l7 o.o2 32.5 1.17 5.01 2 1 IJ..R2 2 L2R3 .3 .3 0 L.3R2 2 .3 
RAe35 o.o3 14.1 5.22 3.55 +25 L3RO L2Rl L.3Rl L.3RO L3R2 L3R2 3 L2R.3 L2R.3 L2R.3 LIR3 
RA.l8 o.u 15.30 12.7 0.26 +15 L.3RO 0 L2RO L2RO L3R2 L3R2 .3-~ 0 L3Rl. L3R2 L3Rl 
GF.l 0.13 u.B4 4.39 1.12 
-
L3RO L2Rl L3R2 L2RO 2 IJ.R2 L2RJ 0 LlR2 L2R.3 IJ.Ra 
GFel9 o.lS 9.41 1.54 o.4o .f.86 L3RO IJ.RO L3RO L2RO L3R2 L3R2 3 0 IJ.R2 L2R3 LlR2 
-----------------------------~----------~--------------~------------------~------------------------~-LFe7 
GFe30 
o.54 0.91 2.6.3 o.4o +9 L2Rl L2Rl L3Rl Ll.RO L2Rl 2 3 1 IJ.R2 
1.14 1.56 2.89 1.10 .f.lO 0 0 LORl 0 1 LlR2 1 0 LORl 
AN1 acoustic nerve; AS01 accessory superior olive; AVC1 anterior division of the ventral 
cochlear nucleus; CTB1 collateral .fibers of' trapezoid body; DAS1 dorsal acoustic stria; 
DCN1 dorsal cochlear nucleus; LTB1 large .fibers of' trapezoid body; NTB1 nucleus ot 
trapezoid body; PVC, posterior division of' ventral cochlear nucleus; S01 superior olive; 
STB1 small .fibers of trapezoid body. 
2 
1 
Behavioral abbreviations; "Sound" and "light" indicate the aversive behavioral schedules. 
P1 the ratio of the postoperative to the preoperative rate of' pressing the lever. R1 the 
ratio of the postoperative to the preoperative rate of releasing the lever. T1 difference 
between the postoperative and preoperative auditory thresholds in decibels (db). The + 
sign indicates an increase, and the - a decrease in the threshold. 
2 
LOR2 
In order to determine the effects of the oper-
ative procedure independently of the auditory lesion, six 
animals were given control operations. They were anes-
thetized and put in the stereotaxic instrument and their 
skulls were opened but no lesion was made. Behavioral 
changes for these animals are given in Table III. 
Mean rates of press and release as well as 
median threshold for each animal are given in Tables IV, 
V, and VI. 
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TABLE III 
Summary of behavioral data of animals with control 
operations 
Sound Light 
Animal p R p R T 
GFe9 o.45 1.46 0.72 3.62 t 3 
RAe23 o.51 1.95 4.08 0.23 -5 
RA.l8 o.8o o.65 4.01 0.24 
GF.ll 0.93 1.34 o.5o 2.70 + 8 
LFe7 1.07 o.55 1.13 0.73 
RA.el7 1.17 1.29 o.B9 2.93 - 2 
Behavioral abbreviations. Sound, auditory aversive 
behavior;: light, visual aversive behavior; P, ratio 
of postoperative to preoperative rate of pressing the 
lever; R, ratio of postoperative to preoperative rate 
of releasing the lever. 
T 1 difference between postoperativcf.and preopera-
tive auditory thresholds in decibels (db). The + 
sign indicates an increase and the - a decrease in the 
threshold. 
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TABLE IV 
Mean rates of pressing on the sound and light aversive schedules 
Sound Light 
Anjmal Pr Co Un Bi Pr Co Un Bi 
GFl 2.51 0.56 0.35 1.14 2.68 5.01 
GF 9 7.28 3·31 7.67 5.54 
GF ll 8.42 7.87 7.34 3.69 
GF 19 3.79 5.01 o.6o 2.90 2.93 4.49 
GF 30 0.97 3.90 1.11 3.82 13.51 10.93 
LF7 5.96 6.41 3.24 2.38 2.70 6.27 
RA 17 10.34 12.12 0.31 2.32 2.08 2.72 
RA 18 3.79 3.06 o.L2 o.67 2.69 8.51 
RA 23 10.11 5.19 2.01 8.21 
RA 35 5.27 7.26 0.16 2.82 3.80 1.4.73 
RAJ6 7.07 5.16 2.06 12.26 
RA 56 5.62 10.83 1.57 2.16 
Pr, preoperative rate; Co, rate following control operation; Un, rate 
following unilateral lesion; Bi1 rate following bilateral lesion. 
All rates are in responses per minute. 
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TABLE v 
Mean rates of releasing on the sound and light aversive schedules 
Sound Light 
Animal Pr Co Un Bi Pr Co Un Bi 
GF 1 
GF 9 
GF 11 
GF 19 
GF 30 
LF7 
RA 17 
RA 18 
RA 23 
RA 35 
RAJ.6 
RA 56 
1.04 15.94 12.32 3.21 2.64 3.62 
2.27 3.33 2.42 8.77 
2.47 3.32 2.64 7.15 
1.93 1.88 18.18 6.75 18.67 2.76 
4.81 3.48 1.55 1.37 1.63 1.52 
2.64 1.47 2.42 5.21 3.82 2.11 
1.64 2.13 53.31 1.33 3.91 6.75 
2.51 1.65 38.42 11.79 2.88 3.15 
1.60 2.07 8.51 2.00 
2.22: 5.02 31.16 2.92 3·31 3.55 
1.36 1.74 1.81 1.54 
1.47 1.91 1.04 1.97 
Pr1 preoperative rate; Co, rate following control operation; 
UN1 rate following unil.ateral lesion; Bi1 rate following 
bilateral lesion. AJ..J_ rates are in responses per minute. 
21 
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TABLE VI 
Median thresholds on the sound discrimination schedule 
Animal Pr Co Un Bi 
GF 1 20 27 
GF 9 46 49 
GF 11 40 ldi 
GF 19 11 24 97 
GF 30 30 46 40 
LF7 28 37 
RA 17 34 32 
BA 18 36 lll 
RA. 23 24 19 
RA. 35 39 56 64 
RA.l6 6 
RA 56 22 20 
Pr, preoperative threshold; Co, threshold following con-
trol operation; Un, threshold following unilateral 
lesion; Bi1 threshold following bilateral lesion. All 
thresholds are in decibels above .0002 dynes per square 
centimeter. 
CHAPTER IV 
DISCUSSION 
In analysing the results of the present ex-
periment three second order pathways will be considered. 
The rationale for dividing the auditory system into these 
pathways has been discussed in the introduction. The 
first one, the large fiber pathway, consists of the 
acoustic nerve, the posterior division of the ventral 
cochlear nucleus, the large fibers of the trapezoid 
body and the nucleus of the trapezoid body. The second, 
the superior olivary pathway, consists of the acoustic 
nerve, the posterior division of the ventral cochlear 
nucleus, the collaterals which arise from the large 
fibers of the trapezoid body on their side of origin and 
ascend to the superior olive, and the superior olive. 
The third, the small fiber pathway, consists of the acous-
tic nerve, the anterior division of the ventral cochlear 
nucleus, and the small fibers of the trapezoid body which 
go through and around the superior olive but do not termi-
nate there. 
23 
Tables VII and VIII show ratings of damage to 
these pathways following unilateral and bilateral lesions, 
respectively. Each pathway was given the rating of the 
structure within it which sustained maximum damage. 
These are minimum ratings for the pathway in cases where 
the rating is one or two since there is no assurance that 
healthy parts are matched along the pathway. 
From Tables VII and VIII certain relations 
between damage to the auditory system and behavioral de-
crements appear. First, there is a relation between severe 
loss of auditory aversive behavior and extensive damage 
to the large fiber pathway, the superior olivary pathway 
and the small fiber pathway. Figures 1, 2, and 3 show the 
anatomy and behavior of RA 35 who had severe damage to 
all thre• pathways, although the small fiber pathway was 
not completely destroyed. Figure l shows drawings of six 
sections of the lower brain stem through the auditory 
system. Solid black areas are primary destruction. 
Dotted areas and dashed lines are degenerated nuclei and 
tracts, respectively. Figure 2 presents the daily rates 
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of pressing and releasing on the sound aversive schedule. 
The first part of the graph shows all preoperative sessions. 
After the dashed line are shown all sessions after the 
second operation. Figure 3 shows representative cumulative 
TABLE VII 
Summary of behavioral data and ratings of damage to auditory pathways in anjmaJs 
following unilateral lesions 
Sound Light 
Animal p R p R T LFP SOP SFP 
GFel 0.22 15.32 2.35 o.a2 .. 7 L3RJ. L3RO L3RO 
RA.J.6 0.72 1.27 5.95 o.B5 1 IJ.RO 0 
GF.l9 1.3.3 0.97 1.01 2.76 tl3 L3Rl L3RO L3RO 
RAe35 1.37 2.26 1.34 1.15 fl7 L3Rl L3RO L3RO 
RAe 56 1.92 1.29 1.37 1.89 
- 2 L1R2 IJ.RO 0 
GFe30 4.02 Oe72 3.53 1.18 ... 16 IJ.RO LlRO LlRO 
Behavioral abbreviations. Sound, auditory aversive behavior; light, visual aver-
sive behavior; P, ratio of postoperative to preoperative rate of pressing the 
lever; R, ratio of postoperative to preoperative rate of releasing the lever. 
T, difference between postoperative and preoperative auditory thresholds in deci-
bels (db). The+ sign indicates an increase and the - sign a decrease in the 
threshold. 
LFP, large fiber pathway; SFP, small fiber pathway; SOP, superior olivary pathway. 
1\) 
\J1 
TABLE VIII 
Summary of behavioral data and ratings of damage to auditory pathways 
in animals following bilateral lesions 
Sound 
Animal p R 
RA.l7 o.o2 32.54 
RA.35 0.03 14.16 
RA.l8 o.n 15.30 
GF.l 0.13 u.a4 
GF.l9 0.15 9.l!J. 
Light 
p R 
1.17 5.07 
5.22 3.55 
12.70 0.26 
4.39 1.12 
1.54 o.4o 
T 
-
+86 
LFP SOP 
L2R3 
L3R2 
L3R2 
L3R2 
L3R2 
3 
3 
3 
3 
3 
SFP 
3 
L3R2 
L3R2 
L3R2 
L3R2 
----------------------------------------------------------------------
LFe7 
GFe30 
o.54 
1.14 
0.91 
1.56 
2.63 
2.86 
o.4o 
1.10 
+9 
flO 
L3Rl 
1 
3 
1 
2 
IJ.R2 
LFP• large fiber pathway; SFP1 small fiber pathway; SOP1 superior 
olivary pathway • 
Behavioral abbreviations. Sound1 auditory aversive behavior; light, visual 
aversive behavior; P. ratio of postoperative to preoperative rate of 
pr~~sing the lever; R, ratio of postoperative to preoperative rate of re-
leasing the lever. T, difference between preoperative and postoperative 
auditory thresholds in decibels (db). The + sign indicates an increase and 
the - sign a decrease in the threshold. 
FIGURE 1 
Schematic drawing of the lesion in animal RA l5. 
This animal failed to respond to aversive auditory 
stimulation while still showing normal auditory 
discrimination. Solid black areas are primary 
destruction. Dotted areas and dashed lines are 
degenerated nuclei and tracts respectively. A is 
most posterior and F is most anterior. xl2. 
AN, acoustic nerve; AVC, anterior division of 
the ventral cochlear nucleus; DCN, dorsal cochlar 
nucleus; F, facial nucleus; FN, facial nerve; 
GFN, genu of the facial nerve; NTB, nucleus of 
the trapezoid body; P, pyramidal tract; PVC, 
posterior division of the ventral cochlear nucleus; 
RB, restiform body; SO, superior olive; ST, 
spinal tract of the trigeminal nerve; STB, small 
fibers of the trapezoid body; VN, vestibular nerve. 
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operative session; ~, c, D, E, F - - 1st, 9th, 16th, 22nd and 28th postoperative sessions. 
Upward displacement indicates the sound is off. 
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records on the sound aversive schedule. The first record 
is the last preoperative day. Also shown are the first, 
ninth, sixteenth, twenty-second and twenty-eighth (last) 
postoperative sessions. The postoperative behavior is 
comparable to that obtained when the sound is omittedl • 
Second, destruction of the superior olivary 
pathway is not sufficient to produce an aversive loss. 
Animal LF 7 is an animal with complete interuption of the 
superior olivary pathway with minor damage to the large 
fiber pathway. Figures 4, 5, and 6 sho'\'· the anatomy and 
behavior of this animal. Figure 4 shows four sections 
through the lower auditory system. Note that although 
the lesion is quite large the anterior part of the large 
fiber pathway is spared. Figure 5 shows daily rates of 
pressing and releasing.on the sound aversive schedule. 
Although the postoperative press rate is somewhat down 
from the preoperative value, the ratio is higher than 
that of two of the control operation animals. Figure 6 
shows cumulative records of the last _pre,operative and 
the first, eighth, sixteenth, twenty-fourth and twenty-
eighth (last) postoperative sessions. 
1. Harrison, J.M., Abelson, R.M., and Fisher, G.L., 
Some relations between the auditory system of the 
medulla and auditory-stimulus functions. J. exp. anal, 
Behav. 1960, 3, 207-220. 
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FIGURE 4 
Schematic drawing of the lesion in animal LF 7. 
This animal responded normally postoperatively 
on all schedules. Solid black areas are primary 
destruction. Dotted areas and dashed lines are 
degenerated nuclei and tracts respectively. A 
is most posterior and D is most anterior. ;xl2. 
AN, acoustic nerve; ASO, accessory superior olive; 
AVO, anterior division of the ventral cochlear 
nucleus; DON, dorsal cochlear nucleus; F, facial 
nucleus; FN, facial nerve; GFN, genu of the facial 
nerve; NTB, nucleus of the trapezoid body; P, 
pyramidal tract; PF, par.aflocculus; PVC, posterior 
division of the ventral cochlear nucleus; RB, 
restiform body; SO, superior olive; ST, spinal 
tract of the trigeminal nerve; TB, trapezoid body; 
VN, vestibular nerve. 
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Figure 6. Animal LF ?. Cumulative records of the sound aversive ~chedule. 
session; B, C, D, E, F--lst, 8th, 16th, 24th and 28th postoperative sessions. 
indicates the sound is offo 
A, last preoperative 
Upward displacement 
Prior work has indicated1 ' 2 that extensive dam-
age to the large fiber pathway, with the superior olivary 
pathway intact, produced a loss of the auditory aversive 
behavior. Thus the aversive loss is not due to the com-
bination of damage to the large fiber pathway and the 
superior olivary pathway and the present experiment con-
firms the finding that if the large fiber pathway is 
destroyed the aversive auditory behavior is los't. 
Comparison of RA 35 and LF 7 in Table VIII 
with all animals in Table VII shows that extensive dam-
age to the superior olivary pathway either alone or in 
combination with destruction of the large fiber pathway 
did not materially change the discriminative threshold. 
Figure 7 shows the threshold behavior of LF 7. The upper 
graph is the last preoperative day and the lower graph is 
the last postoperative day. Although there was an upward 
shift in threshold it was no greater than that sustained 
by animals with only minor damage to the auditory system. 
Animal RA 35 had a somewhat greater threshold shift than 
LF 7, which may have been due to the larger lesion, but 
his shift was much less than that of RA 18 and GF 19. 
1. Harrison, J. M., Some behavioral functions in the 
lower auditory pathways in the rat. J. Comp. Neur., 
in press. 
2. Harrison, J.M., Abelson, R.M., and Fisher, G.L., 
1960, Op. cit. 
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With extensive damage to all ventral acoustic 
pathways both discriminative and aversive auditory be-
haviors were lost. Figures 8, 9 and 10 show the anatomy 
and behavior of RA 16. It is apparent from this experi-
ment that in order to produce a loss of discriminative 
behavior the small fiber pathway must be destroyed but 
it has not been possible to determine whether this is 
a sufficient condition or whether destruction of all 
ventral auditory pathways is necessary. 
From consideration of the lesion in RA 18 it 
is clear that neither of the auditory behaviors ca.n.be 
maintained by dorsal auditory pathways. 
For all animals in this experiment for whom 
the press rate dropped sharply postoperatively, the re-
lease rate rose sharply. The question arises as to 
whether both the press and release responses were affected 
by the operation or whether one response was affected by 
the operation and the second response affected by the 
action of the first. If the release only was affected 
it may be that the sound was off for too short a period 
to provide reinforcement for the press. On the other 
hand, ,.in the intact animal the release rate declines 
during each session as in the first record in Figures 
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FIGURE 8 
Schematic drawing of the lesion in animal RA 18. 
This animal lost both discriminative and aversive 
auditory behavior. Solid black areas are primary 
destruction. Dotted areas and dashed lines are 
degenerated nuclei and tracts respectively. A 
is most poe terior and D is moe t anterior. -~x12. 
AN, acoustic nerve; AVC, anterior division of 
the ventral cochlear nucleus; DON, dorsal 
cochlear nucleus; F, facial nucleus; FN, facial 
nerve; GFN, genu of the facial nerve; NTB, 
nucleus of the trapezoid body; P, pyramidal 
tract; PF, paraflocculus; PVC, posterior 
division of the ventral cochlear nucleus; RB, 
restiform body; SO, superior olive; ST, spinal 
tract of the trigeminal nerve; STB, small fibers 
of the trapezoid body; VN, vestibular nerve. 
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3, 6 and 10, so it is possible that if an operation causes 
a loss of the press response the release rate would be high 
because it is a function of the number of presses. Pre-
vious experimentsl, 2 in which similar lesions were made 
in animals trained on the escape schedule or Keller3 in-
dicate that the press was directly affected by the lesion. 
The question of whether the release was directly affected 
cannot now be answered. 
Partial destruction of auditory pathways led 
to inconsistent behavioral changes. Compare GF 1 to 
GF 19 and RA 35 in Table VII. Note that these animals 
all have the same anatomical ratings but while GF 19 and 
RA 35 are unaffected, GF 1 has a substantial loss of the 
sound aversive behaviors although his press ratio is not 
as low as that of animals with more substantial lesions. 
In Table VIII, RA 35, RA 18 and GF 19 have the same 
ratings, but the increase in discriminative threshold is 
much less for RA 35 than for the other two animals. Such 
inconsistencies in cases of partial destruction are not 
unexpected since ratings of one and two each cover a 
wide range of damage. 
1. 
2. 
3. 
Harrison, J.M., Op. cit. 
Harrison, J.M., Abelson, R.M., and Fisher, G.L.,Op. cit. 1960 
Keller, F. s., Light Aversion in the white rat. 
Psychol. Rec., 1941, 4, 235-250. 
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SUI~ AND CONCLUSIONS 
Rats were trained on three schedules of rein-
forcement, a sound aversive schedule, a light aversive 
schedule and a sound and light discrimination schedule. 
On the aversive schedules a press response terminated 
the aversive stimulus and a release response re~troduced 
the aversive stimulus. On the discrimination schedule 
a response in the presence ot either stimulus produced 
food. An auditory threshold was measured on this schedule. 
Following training the animals received electrolytic 
lesions in the ventral auditory system of the medulla. 
Following this they were tested on the behavioral 
schedules. The brain of each animal was then removed 
and impregnated with protargol tor microscopic exam-
ination. Six rats received unilateral lesions, seven 
received bilateral lesions and six received sham opera-
tions. 
The results were as follows. Of the six animals 
who received unilateral lesions, one showed a substantial 
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loss of the sound aversive behavior. Of the seven who 
received bilateral lesions five suffered a loss of the 
aversive behavior. Of these five, two had a substantial 
increase in the discriminative threshold. The behavior 
of the animals who received sham operations was essen-
tially unaffected. 
There was a consistent relation between ex-
tensive damage to the large fiber pathway, the superior 
olivary pathway and the small fiber pathway, and loss of 
the auditory ave.rsive behavior. Destruction of the 
superior olivary pathway was not sufficient to produce 
a loss of the aversive behavior. The sugsestion in the 
literature that the large fiber pathway is responsible 
for the maintenance of the aversive behavior was 
confirmed. Destruction of the superior olivary pathway 
either alone or in combination with destruction of the 
large fiber pathwar, did not materially change the 
auditory discriminative threshold. Destruction of all 
ventral acoustic pathways caused a loss of both aversive 
and discriminative auditory behaviors. Dorsal auditory 
pathways did not by themselves support either behavior. 
45 
It has not been possible to determine if destruction 
of the small fiber pathway by itself can cause a loss 
of discriminative behavior. It was not possible to 
determine if return of the release response was due 
to the lesion or due to the loss of the press response. 
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Rats were trained on three schedules of rein-
forcement, a sound aversive schedule, a light aversive 
schedule and a sound and light discrimination schedule. 
On the aversive schedules a press response terminated the 
aversive stimulus. On the discrimination schedule a response 
in the presence of either stimulus produced food. An 
auditory threshold was measured on this schedule. Follow-
ing training the animals received electrolytic lesions 
in the ventral auditory system of the medulla. Following 
this they were tested on the behavioral schedules. The 
brain of each animal was then removed and impregnated with 
protargol for microscopic examination. Six rats received 
unilateral lesions, seven received bilateral lesions and 
six received sham operations. 
The results were as follows. Of the six animals 
who received unilateral lesions, one showed a substantial 
loss of the sound aversive behavior. Of the seven who 
received bilateral lesions five suffered a loss of the 
aversive behavior. Of these five, two had a substantial 
increase in the discriminative threshold. The behavior 
of the animals who received sham operations was essentially 
unaffected. 
There was a consistent relation between extensive 
damage to the large fiber pathway, the superior olivary 
pathway and the small fiber pathway and loss of the 
auditory aversive behavior. Destruction of the superior 
olivary pathway was not sufficient to produce a loss of 
the aversive behavior. The suggestion in the literature 
that the large fiber pathway is responsible for the main-
tenance of the aversive behavior was confirmed. Destruction 
of the superior olivary pathway either alone or in com-
bination with destruction of the large fiber pathway did 
not materially change the auditory discriminative threshold. 
Destruction of all ventral acoustic pathways caused a loss 
of both aversive and discriminative auditory behaviors. 
Dorsal auditory pathways did not by themselves support 
either behavior. It has not been possible to determine 
if destruction of the small fiber pathway by itself can 
cause a loss of discriminative behavior. It was not 
possible to determine if return of the release response 
was due to the lesion or due to the loss of the press 
response. 
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